High-efficient utilization and uptake of N contribute to higher NUE of 'Qinguan' apple under drought and N-deficient conditions compared with 'Honeycrisp'.
Drought and nitrogen (N) deficiency are common factors that limit apple production in the Loess Plateau region of China. Different apple cultivars respond to drought and low N differently; however, the mechanism that underlies the difference in nitrogen-use efficiency (NUE) under drought conditions is not well understood. In this study, by comparing the physiological responses of two apple (Malus domestica Borkh.) cultivars with contrasting NUE, 'Qinguan' (higher NUE) and 'Honeycrisp' (lower NUE), under low N and drought conditions, we discovered that, 'Qinguan' had larger stomatal apertures, higher chlorophyll fluorescence levels, more active N metabolism and antioxidant enzymes, higher abscisic acid and auxin concentrations, larger root size and more efficient N uptake mediated by higher expression of MdNRT2.4 in rootstock than that of 'Honeycrisp'. Additionally, we experimentally confirmed that MdNRT2.4 enhanced low N and osmotic stress tolerance in Arabidopsis when being overexpressed. Taken together, our findings shed light on the mechanism that underlies the difference in NUE of apple under drought and N-deficient conditionss and provide MdNRT2.4 as a candidate gene for future genetic engineering.